Myxobacteria belong to a monophyletic order (Myxococcales) in the Deltaproteobacteria based on 16S rRNA gene sequences (Garcia et al., 2010) . They are commonly isolated from a wide range of environmental sources around the globe and appear diversified in the tropic and temperate soils containing decaying plant materials (Dawid, 2000; Reichenbach, 2005; Garcia & Müller, 2014b) . Myxobacteria are a unique group of prokaryotes known for their cellulolytic and predatory lifestyle to prey, lyse and out-compete other microorganisms in their environment. They show sophisticated multicellular behaviour by gliding on a solid surface and by formation of complex fruiting bodies filled with environmentally resistant myxospores (Higgs et al., 2014) . In the last few decades, and until now, they were considered as outstanding sources of novel secondary metabolites with many potential therapeutic applications (Garcia & Müller, 2014b; Plaza & Müller, 2014; Weissman & Müller, 2010; Wenzel & Müller, 2009) . We have isolated a novel strain, MSr9521 T , which is proposed here to represent a novel species of a new genus in the family Polyangiaceae.
Strain MSr9521
T was isolated using a mineral salt ST21 agar, overlaid with sterile filter papers (2Â1 cm), containing levamisole (25 µg ml
À1
) and cycloheximide (25 µg ml À1 ) to inhibit eukaryotic contaminants (Reichenbach & Dworkin, 1992) . Pure culture was obtained by repeated transfers of the swarm edge onto a fresh ST21 agar without a filter paper. The strain was routinely cultivated on buffered VY/2 agar, and cryopreserved by slow freezing using cold isopropanol (Garcia et al., 2014a) . Phenotypic growth stages were studied, characterized and documented after cultivation of the strain on buffered VY/2 agar (Garcia et al., 2009) . Swarming colonies and fruiting bodies on agar plates were studied and photographed using a stereomicroscope (Discovery-V20; Zeiss) while the vegetative cells and myxospores were observed by phase-contrast microscopy (Axio-Star; Zeiss), photographed using an Axiocam MRC (Zeiss) camera and further analysed by using the AxioVision LE software. Fruiting bodies and vegetative cells of the strain Abbreviations: AA, arachidonic acid; EPA, eicosapentaenoic acid; ALA, alpha-linolenic acid; ETA, eicosatetraenoic acid; PUFA, polyunsaturated fatty acids; FAME, fatty acid methyl ester.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain MSr9521
T is KT591707.
Two supplementary figures are available with the online Supplementary Material.
were dried in a desiccator for five months at room temperature to test the tolerance to dry conditions.
Gram-staining of vegetative cells was done according to an established protocol (Gerhardt et al., 1981) while Congo red staining was performed according to McCurdy (1969) . Tests for catalase, oxidase, and enzymatic activities using the API ZYM kit (bioM erieux) were described previously (Garcia et al., 2014a) . Growth response to oxygen was tested by stab-inoculation in a test-tube containing 10 ml buffered VY/2 agar, while the anaerobic tolerance was performed by incubating the novel strain in an anaerobic jar on buffered VY/2 and R agar [w/v: 0.2 % casitone (BD), 0.2 % soluble starch (Roth), 0.5 % skimmed milk (Oxoid), 0.005 % KNO 3 , 0.1 % MgSO 4 Á7H 2 0, 0.05 % CaCl 2 Á2H 2 0, 0.0008 % Fe-EDTA, 25 mM HEPES and 1.5 % Bacto agar; adjusted to pH 7.2 with KOH before autoclaving]. The pH tolerance was tested at pH 4.0-10.0 with an interval of 0.5 pH unit (adjusted before autoclaving) using 10 mM of the following buffers: MES for pH 4.5-6.5; HEPES for pH 7.0-8.0; Trizma for pH 8.5-9.0; and CHES for pH 9.5-10. The pH range was narrowed from pH 7.0-pH 8.0 at intervals of 0.1 pH unit to determine the optimum pH, as indicated by the swarm diameter.
The temperature tolerance was performed by incubation at 4 C, 18 C, room temperature (22-23 C), 30 C and 37 C, and was later narrowed from 15-20 C and 35-40 C to determine the limits. Antibiotic resistance was determined as described previously (Garcia et al., 2014a) but with the exclusion of thiostrepton, rifampicin and trimethoprim, and with the addition of tobramycin (Sigma-Aldrich). NaCl tolerance was assessed in the presence of 0-2 % (w/v) NaCl, at intervals of 0.2 % (w/v). All these characteristics were tested in buffered VY/2 agar. Predation using live microorganisms (Escherichia coli, Pseudomonas putida, Bacillus subtilis, Micrococcus luteus, Saccharomyces cerevisiae and Yarrowia lypolitica) and cellulose degradation were tested according to described methods (Garcia et al., 2014a) and additionally testing the latter on ST21 agar with filter paper (2Â1 cm) overlay. Chitin degradation was assessed on CT-6, and CT-7 agars (Reichenbach, 2006a) , and in water agar supplemented with 1 % (w/v) chitin (Sigma). Agar degradation was tested by cultivation of the strain in buffered VY/2 agar and all solid medium containing agar (BD). ; Roth] were all assessed by supplementation on buffered VY/2 agar medium. Hydrolysis of xylan (Roth) and aesculin (Sigma) were tested according to previously described methods (Lang et al., 2008) , while gelatin hydrolysis was performed on modified water agar (w/v: 0.2 % MgSO 4 Á7H 2 O, 0.1 % CaCl 2 Á2H 2 O, 25 mM HEPES and 0.5 % Bacto agar (BD); pH adjusted 7.0 before autoclaving) supplemented with 1 % (w/v) gelatin (BD), and was assessed for the clearing zone around the colonies. Except for the temperature tolerance, all tests were incubated for one week at 30 C.
Carbohydrate, peptone and nitrogen sources were tested based on previously described methods (Garcia et al., 2014a) . Filter-sterilized nutrient sources were added individually in 300 ml flasks containing 100 ml minimal medium. Potato starch (Sigma) was used as a carbon source for the nitrogen sources test. Cultures were incubated for a week on a rotary shaker at 160 r.p.m. at 30 C.
Cellular fatty acid extraction was done by the fatty acid methyl ester method (Garcia et al., 2011) after cultivation of the strain in 50 ml R medium [w/v: 0.2 % Bacto casitone, 0.2 % soluble starch (Roth), 0.5 % skimmed milk (Oxoid), 0.005 % KNO 3 , 0.1 % MgSO 4 Á7H 2 0, 0.05 % CaCl 2 Á2H 2 0, 0.0008 % Fe-EDTA and 25 mM HEPES; adjusted to pH 7.2 with KOH before autoclaving] at 30 C, 180 r.p.m. for 5 days. GC-MS analysis and identification of fatty acids including the polyunsaturated types were performed according to described methods (Gemperlein et al., 2014; Garcia et al., 2011) . The DNA G+C content (mol%) of the novel bacterium was determined by standard HPLC-MS, performed after nuclease P1 digestion of the genomic DNA (Shimelis & Giese, 2006; Li et al., 2003) .
Genomic DNA was extracted from an actively growing culture taken from R medium by following the standard protocol for Gram-negative bacteria using the commercial Qiagen Puregene Core Kit A. The 16S rRNA gene was amplified and sequenced using the universal forward 5¢-GAGTTTGATCCTGGCTCAGGA-3¢ and reverse 5-AAG-GAGGTGATCCAGCCGCA-3¢ primers (Lachnik et al., 2002) , and further verified with universal primer sets 27F and 1492R (Lane, 1991) . Purification of the 16S rRNA gene was performed by using a NucleoSpin PCR clean-up kit (Macherey Nagel), while the sequence alignment was determined using the Cap contig assembly function of the BioEdit Sequence Alignment Editor version 7.1.3.0 software (Hall, 1999) . The 16S rRNA gene sequence of the novel isolate was compared with those sequences available in the GenBank/EMBL/DDBJ databases using BLASTN version 2.2.29+ (Zhang et al., 2000; Morgulis et al., 2008) . For phylogenetic analysis, the 16S rRNA gene sequences of myxobacteria, mostly representing type strains of species in the three myxobacterial suborders, were retrieved from the GenBank database. Sequence alignments were performed using MUSCLE software (Edgar, 2004) while the evolutionary distances between sequences were calculated using the Jukes-Cantor substitution model (Jukes & Cantor, 1969 ). The phylogenetic tree was then reconstructed using the neighbour-joining (Saitou & Nei, 1987) , PHYML (Guindon & Gascuel, 2003) and UPGMA (Sneath & Sokal, 1973) methods applying 1000 bootstrap resamplings (Felsenstein, 1985) . The sulfate-reducing bacterium Desulfovibrio desulfuricans DSM 642 T (GenBank accession number NR_036778) was chosen as an outgroup to root the tree. All these programs are packed in the Geneious 8.1.2 software (Drummond et al., 2010) .
The swarm colony of the novel isolate appeared saffron, orange, to golden-coloured with typical fan-like pseudoplasmodia in buffered yeast agar (Fig. 1a) . This pseudoplasmodial swarm pattern was reminisce of Polyangium strains (Garcia & Müller, 2014b) and Byssovorax cruenta By c2
T but somehow differs in shape, colour and size. The wrinkled parchment-like slime trails behind the bloody-red pseudoplasmodia and the knob-shaped structures produced by B. cruenta were not observed in the novel isolate (Reichenbach et al., 2006b) . The pseudoplasmodial swarms of the novel isolate often merged to form a band-like shape colony edge that partially clear the yeast cells (Fig. 1b) . Furthermore, the swarm colony may also appear as slimy and tenacious veins scattered on the agar surface which also shares some similarity with Polyangium strains and many members of the Cystobacterineae. Vegetative cells were phase-dark, and typically long and slender rods with blunted ends (1.2-1.5Â3.0-12.0 µm), common for most Polyangiaceae (Fig. 1c) . Most of the vegetative cell size was a bit longer compared to the majority of the Polyangiaceae (Garcia & Müller, 2014b) . The novel bacterium commonly formed fruiting bodies that often arranged in sori (140-450 µm) or as mats, consisting of large orange to golden sporangioles (Fig. 1d, e, f) . The sporangioles measure 20-95 µm and commonly appear in spherical, ovoid and cylindrical with sometimes indentations or partial segmentations (Fig. 1d, e) . In an older culture, the sporangioles appear peculiarly emptylooking and similar to Hyalangium minutum in the suborder Cystobacterineae and some species of Polyangium in the suborder Sorangiineae (Fig. 1e) (Reichenbach, 2005) . The cells within the sporangiole were tightly packed and those released from crushed sporangioles were slightly optically refractile and slender rods (Fig. 1h ) measuring 0.8-1.0Â2.0-5.0 µm, and were desiccation resistant.
The novel bacterium was Gram-and Congo-red-negative, and catalase-and oxidase-positive. Based on the API ZYM enzymatic test, positive results were obtained for alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, bgalactosidase and b-glucosidase, while cysteine arylamidase, trypsin, a-galactosidase, b-glucuronidase, a-glucosidase, Nacetyl-b-glucosaminidase, a-mannosidase and a-fucosidase exhibited negative reactions.
The novel isolate did not grow in an anaerobic jar and therefore was characterized to be aerobic. Strain MSr9521 T exhibited tolerance at pH 5.5-8.5, with optimum growth at pH 7.0-7.5. The temperature growth range was 18-37 C, with an optimum at 30 C.
Strain MSr9521
T was resistant to quite a few antibiotics including polymyxin, bacitracin, hygromycin and tobramycin. The resistance to the latter two antibiotics was shared with members of the Polyangiaceae (Garcia & Müller, 2014b) . Sensitivity was observed with ampicillin, apramycin, carbenicillin, cephalosporin, gentamicin, kanamycin, spectinomycin, fusidic acid, kasugamycin, tetracycline, neomycin, streptomycin and oxytetracycline. The sensitivity of the novel isolate to oxytetracycline was similar to members of the family Polyangiaceae, except Byssovorax cruenta By c2 T (Garcia & Müller, 2014b ).
Sodium chloride is inhibitory at greater than 1 % (w/v). The novel isolate completely lysed Gram-negative bacteria including E. coli and Pseudomonas putida, whereas incomplete lysis was only observed in S. cerevisiae and Y. lypolitica, suggesting selectivity towards the microbial bait. Filter paper and chitin were not degraded, indicating a lack of cellulolytic and chitinolytic activities. Agar was depressed and partly corroded suggesting slight agarolytic activity. The novel strain hydrolysed casein, Tween 80, starch, xylan, aesculin and gelatin. The hydrolysis of
(g) (h) starch and xylan appears common among members of the family Polyangiaceae (Garcia & Müller, 2014b) .
All carbohydrates supported growth of the novel myxobacterium, with the best growth exhibited on soluble starch, and lactose showing the least. In peptone supplementations, optimal growth was observed with casitone and soytone while moderate growth was determined with neopeptone, proteose peptone, phytone, tryptone and polypeptone. Casamino acids and inorganic nitrogen sources including ammonium sulfate, potassium nitrate and urea did not induce growth.
The major cellular fatty acids of the novel myxobacterium with nearly 10 % or more of the total were C 17:1 2-OH (11.7 %) , C 18:1 (11.8 %) and iso-C 15:0 (9.1 %). Trace amounts of omega-3/-6 polyunsaturated fatty acids (PUFAs) were identified as C 20:4 !3, 6, 9, 12 all cis (eicosatetraenoic acid, ETA), C 20:5 !3, 6, 9, 12, 15 all cis (eicosapentaenoic acid, EPA), C 20:4 !6, 9, 12, 15 all cis (arachidonic acid, AA), C 18:3 !3, 6, 9 all cis (a-linolenic acid, ALA). The occurrence of these polyunsaturated fatty acids appears common in many myxobacteria (Garcia et al., 2011) although the types and the amounts vary for some members. The anteisobranched fatty acids which had been previously described as a chemotaxonomic marker for marine myxobacteria (Fudou et al., 2002; Iizuka et al., 2003a, b) , and recently reported in terrestrial strains (Garcia et al., 2011 (Garcia et al., , 2014a , were also found in the novel isolate. Strain MSr9521 T differs from Byssovorax cruenta By c2 T in having a much lower amount of straight-chain C 16:1 fatty acid (Table 1 ). The novel isolate was remarkable among the Polyangiaceae for the elevated amount of iso-C 17:1 2-OH. Moreover, the predominance of the straight-chain fatty acids over the branched-chain fatty acids, and the presence of a significant amount of C 17:1 2-OH (determined biomarker for Sorangiineae), supports the clustering of the novel bacterium into the suborder Sorangiineae (Garcia et al., 2011) .
The BLASTN analysis of the 16S rRNA gene sequence revealed 95-96 % similarity to members of the suborder Sorangiineae: 95 % to Sorangium cellulosum DSM 14627 T (GenBank accession number FJ457641) and Chondromyces pediculatus Cm p51 T (GU207875), and 96 % to Byssovorax cruenta By c2 T (NR_042341), Polyangium fumosum Pl fu5 T (GU207879) and Jahnella thaxteri Pl t4 T (NR_117461). Phylogenetic analyses of the 16S rRNA gene sequence showed that strain MSr9521
T occupied a distinct branch in Garcia et al. (2011) .
Fatty acids representing nearly or more than 10 % of the total are marked in bold. À, Not detected; DMA, dimethylacetal; OAG, Oalkylglycerol; ETA, eicosatetraenoic acid; EPA, eicosapentaenoic acid; AA, arachidonic acid; ALA, a-linolenic acid. T appearing to be the closest neighbour. A divergence of 4 % in the 16S rRNA gene sequence from closest relatives has been used for the proposal of a novel genus in myxobacteria (Garcia et al., 2010) . Thus, apart from this sequence divergence, and in addition to its distinct phylogenetic position in the Polyangiaceae, the designation of strain MSr9521
Fatty acid
T to a novel genus seems justified. Therefore we conclude that strain MSr9521
T represents a novel species of a new genus in the family Polyangiaceae, for which the name Racemicystis crocea gen. nov., sp. nov. is proposed.
Description of Racemicystis gen. nov.
Racemicystis (Ra.ce.mi.cys¢tis. L. masc. n. racemus cluster, a bunch of grapes; Gr. fem. n. kystis bladder; N.L. fem. n. Racemicystis cluster of bladders, referring to the cluster of sporangioles). Exhibits all the characteristics of the genus and displays the following additional characteristics. Vegetative cells measure 1.2-1.5Â3.0-12.0 µm. Swarm colonies vary from pale orange to golden. Fruiting bodies are composed of sporangioles that measure 20.0-95.0 µm and are packed in sorus (140-450 µmÂ100-250 µm). Myxospores measure 0.8-1.0Â2.0-5.0 µm. Mesophilic, aerobic, neutrophilic with optimum growth at pH 7.0-7.5. Selectively lyses E. coli and P. putida and partially lyses S. cerevisiae and Y. lypolytica. NaCl is growth inhibitory above 1 %. Hydrolyses casein, Tween 80, soluble starch, xylan, aesculin and gelatin. Exhibits good growth in casitone and soytone. Soluble starch represents the best carbohydrate source while cellobiose, sorbitol, fructose, galactose, glucose, arabinose, mannitol, maltose and xylose provide moderate growth. Ammonium sulfate, potassium nitrate and urea are not utilized. Shows positive reactions in API ZYM kit for alkaline phosphatase, C4 esterase, C8 esterase lipase, C14 lipase, leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase and b-glucosidase activities, and negative reactions for cysteine arylamidase, trypsin, a-galactosidase, bglucuronidase, a-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. Resistant to bacitracin, hygromycin, polymyxin and tobramycin. Sensitive to ampicillin, apramycin, carbenicillin, cephalosporin, fusidic acid, gentamicin, kanamycin, kasugamycin, neomycin, oxytetracycline, spectinomycin, streptomycin and tetracycline. Contains a moderate amount of iso-C 17:1 2-OH and trace amounts of polyunsaturated fatty acids EPA, ETA, ALA and AA.
The type strain is MSr9521 T (=DSM 100773 T =NCCB 100574 T ), isolated in 2014 from a Philippine soil sample collected in 1986. The DNA G+C content of the type strain is 70.4 mol%.
